This paper examines the impact of macroeconomic policy shocks in a flexible-price dynamic stochastic general equilibrium (DSGE) model with money. Rather than adopting a money supply rule, monetary policy is modelled as a central bank using a simple interest rate rule (Taylor rule). Without assuming price stickiness or frictions in financial markets, this model is found to account for liquidity effects, generate higher persistence in output and inflation, and capture the positive unconditional cross-correlations relating inflation and output.
Introduction
A popular test of how well a monetary model performs is whether the model can capture the well-known stylized fact known as the ''liquidity effect''. The liquidity effect means that a positive money supply shock causes the nominal interest rate to decline, which in turn raises investment spending and increases real output. Hence, we expect to see an increase in output, but a fall in the nominal interest rate, in response to an expansionary monetary shock. In the early literature, it is generally found that increases in the money shock tend to be associated with subsequent declines in interest rates while money is treated as exogenous. See Cagan and Gandolfi (1969) , Gibson (1970) , and Cagan (1972) . Following the rational expectations revolution, tests of the liquidity effect tend to focus on the relationship between unanticipated monetary shocks and interest rates in the 1980s. But most studies have found no evidence to support the existence of liquidity effects as in Melvin (1983) .
Recently, the empirical research has found mixed evidence for the liquidity effect. For instance, Christiano and Eichenbaum (1992b) , Gali (1992) have presented consistent evidence of a liquidity effect. On the other hand, Leeper and Gordon (1992) find that over a wide range of specifications the response of interest rates to a money growth innovation is positive and Pagan and Robertson (1995) and Christiano (1995) report a 'vanishing' liquidity effect for the period after 1982. But irrespective of the mixed evidence supporting this effect, it is widely accepted among policymakers and monetary economists that any plausible monetary model ought to generate the liquidity effect. See Bernanke and Mihov (1998) for a detailed discussion.
In order to account for the liquidity effect there are two primarily applied structural features which emphasize the role of market frictions in monetary models: price stickiness and financial market frictions. However, it has been shown that monetary models assuming these frictions individually perform poorly. As shown in Christiano et al. (1997) , the sticky price model fails to produce a drop in the nominal interest rate following an expansionary monetary policy shock. In contrast, limited participation models can generate the expected responses to a monetary disturbance, but only under some implausible parameters. Recently, Keen (2004) has considered both of these structural features and showed that the augmented model successfully accounts for some key responses to an expansionary monetary policy shock. This paper studies the liquidity effect from a different angle. I address the question as follows: can a flexible-price monetary model also account for the liquidity effect without imposing any ad hoc frictions on the economy? In this paper, I use a shopping-time model to introduce money into a dynamic stochastic general equilibrium (DSGE) model. In the shopping-time economy, money is assumed to save on the transactions costs associated with purchasing goods. That is, the consumer must spend time shopping, and money can save on the transactions costs associated with purchasing goods. This approach has been used to motivate the money-in-utility framework. Moreover, it is wildly applied to study monetary economics. For instance, see Croushore (1993) , den Haan (1995), Wen and Love (1998) , and Dittmar et al. (2005) .
In addition, monetary policy is introduced as the central bank following an interest rate rule suggested by Taylor (1993) . A monetary expansion (a decrease in nominal interest rates), therefore, encourages more money holdings, lowers the time for shopping, and accordingly distorts the agent's leisure-work decision. Dittmar et al. (2005) presented a model with very similar settings as I construct here. However, their focus was on inflation persistence.
In this paper, I show that a flexible price monetary model with a simple interest rate rule not only captures the liquidity effect, but also generates higher persistence in output and inflation. In contrast to the results in Cooley and Hansen (1995) that a flexible-price monetary model with cashin-advance constraint fails to capture the pro-cyclical behaviour of inflation, this model can account for positive inflation-output correlation as in Dittmar et al. (2005) .
The paper is organized as follows. Section 2 develops a model in a shopping-time monetary economy. In Section 3, I present the empirical analysis and calibration results. A diagnostic test proposed by Watson (1993) for evaluating the fit of calibrated models is also employed. Section 4 presents the impulse response functions, and discusses the liquidity effect and inflation and output persistence. Section 5 concludes.
A shopping-time model

The economic structure
Consider a monetary economy where the consumption of goods requires an input in the form of transaction services. That is, the consumer must spend time shopping. Let the money saved on the transactions costs be associated with purchasing goods. More precisely, assume that the transaction technology is:
where s t is shopping time, c t is consumption, m t ¼ M t p t is the real balance. I assume H and H c > 0; H m and H cm 60.
The utility function is an additive function of consumption c t and leisure l t :
where È 4 0. Furthermore, the stocks of capital for households (k) and for the government (k g ), follow the law of motion, respectively:
The production function is specified as:
where output is denoted by y t . A t is a temporary technology shock, and it is assumed to follow a first-order autoregressive process:
A is the steady-state value. n t is labour input. k t and i t represent capital stock and private sector investment, respectively. k gt and i gt represent the public capital stock and investment. Here, I assume there are constant returns-to-scale over inputs: 1 þ 2 þ 3 ¼ 1.
Resource constraints
It must hold that:
where M t is the money stock and B t is a one-period bond at time t. T t denotes the lump-sum tax, and t denotes the tax rate on output (or, equivalently, the uniform tax rate on labour and capital income). The first resource constraint means that the total use of goods cannot exceed the output available in the private sector. The second constraint indicates that the sum of time devoted to work, leisure and shopping cannot exceed the endowment of time (which is normalized to unity). The government budget constraint is:
where G t and M s t are total government spending and money supply, respectively.
Fiscal and monetary policy
The fiscal policies, government investment (i gt ), government consumption (g t ), and tax rate ( t ) are assumed to follow first-order autoregressive processes:
Where Taylor (1993) . In recent years, many studies have argued that an interest rate rule is a more realistic description of how US Federal Reserve (Fed) policy now operates, since the Fed perceives the nominal interest rate as its primary policy instrument. In particular, a forward-looking interest rate rule has been argued to be a better description of how Federal Reserve policy actually operates (see Orphanides, (1997) ; Clarida et al. (2000) ).
Formally, assume the nominal interest rate R t is set as follows:
where:
and t is the expected inflation rate:
where " R, " y and " are referred to the steady-state values of the nominal interest rate, output and inflation rate. The parameters y and indicate how the monetary authority adjusts the interest rate in response to the changes in output and inflation. 51 implies a passive monetary policy, i.e. a policy under-reacts to inflation s.-s. chen 125 by raising the nominal interest rate less than the expected increase in inflation. In contrast, 41 suggests an active policy. Although the Fed does not explicitly declare the rule, a number of studies have shown that the rule does a fairly accurate job of describing how monetary policy has been actually conducted.
Finally, it may be of interest to investigate an alternative, but mostly adopted assumption, that the central bank uses a money supply growth rule. That is, money growth simply follows a first-order autoregressive process:
The different performances of these two assumptions for monetary policy will be examined later.
Model analysis
According to the agent's optimization problem, we can obtain the following efficient conditions:
where t is the Lagrangian multiplier. A general equilibrium is defined as follows: given b 0 ¼ 0, k 0 , m 0 , and
, the optimal sequences c t ,
satisfy: (1) the equilibrium prices and quantities solve (10)- (15); (2) market clearing: 
Since the model is highly non-linear, closed-form solutions do not exist. I therefore apply the approximation method following King et al. (1988 ), Campbell (1994 and many others. First, defineĥ ¼ lnðh t = " hÞ as the percentage deviation from the steady-state value of the variable h, and log-linearize the Euler equations and market-clearing conditions around the steady-state value. Then, the system of linear expectational difference equations is then solved using the generalized Schur (QZ) decomposition described in Sims (2002) and Klein (2000) . The policy function ofk tþ1 andm tþ1 can be solved as:
In addition, it is easy to find the decision rule forŷ t ,ĉ t ,î t , n t , ð t À " Þ, and ðR t À " RÞ. Finally, solve for the real wage from taxed marginal labour product:
and for the real interest rate from intertemporal marginal rate of substitution:
The system can be written into a vector AR(1) representation:
where Z t11 includes endogenous variables and AR (1) shocks. The vector C consists mostly of zeros, except for innovations in the AR(1) shocks, and Eð! tþ1 ! 0 tþ1 Þ ¼ I. Let Àð0Þ EðZ t11 Z 0 t11 Þ; the theoretical population second moments can be solved by:
To get autocorrelations, or cross-correlations at lags other than zeros, we can use:
Finally, the impulse response function can be obtained by:
The element of row i, column j of the matrix A À1 C indicates the effect on variable i at time t þ to an innovation to variable j at time t. (2002), a measure of the tax rate() is calculated from the U.S. Bureau of Economic Analysis (BEA) national income and product accounts data. The details of the tax rate calculation are provided in Table 1 . As pointed out by Jones (2002) , the approach adopted here is similar to McGrattan (1994) and McGrattan et al. (1997) , with the main difference being that they estimate the tax rate as the marginal rate from tax records, rather than as an average rate from the national accounts.
The following procedure was used to process the data: (1) convert nominal government consumption and government investment to real variables using the government expenditure deflator; (2) convert monthly data to quarterly data; (3) since this is a representative agent model, I divide all variables, except the average wage and average hours worked, by the civilian non-institutional population 16 years old and over; (4) after taking the natural logarithm of each variable (except the nominal interest rate and inflation rate), I use the Hodrick-Prescott (HP) filter to isolate the cyclical components of the time series.
3.2 Parameter settings and calibration 3.2.1 Parameter settings References used to set the parameters in the model include King et al. (1988) for the discount factor (), and the depreciation rate (), and Batina (1999) for labour share ( 2 ) and public capital share ( 3 ). The setting of È makes the steady-state value of labour input " n equal 0.2.
Moreover, k g , g , , and are computed by the following regressions (standard errors are reported under the coefficient, and * indicates rejection of the null hypothesis that the coefficient equals zero at the 5% significant level. "i is the standard error of the disturbance term for variable i): Although it is standard in the literature to simply estimate the exogenous autoregressive processes in this way, the residuals from such regressions would not be orthogonal to the regressors. As suggested by an anonymous referee, a more sophisticated procedure would be to regress the dependent variables on other economically relevant variables first, and then treat the residuals as the exogenous component of each variable.
The estimates of the policy reaction function defined by equations (8) and (9) 
It is worth noting that ¼ 0:556851. Many studies argue that the policy feedback rule itself may be a source of instability if the coefficient is less than unity (see Kerr and King (1996) ; Clarida et al. (2000) ). As pointed out by Benhabib et al. (2001) , studies that emphasize the desirability of active monetary policy ( 41), however, assume short-run nominal price rigidities. Carlstrom and Fuerst (2001) show that 51 ensures equilibrium determinacy in a flexible price model with constant returns to scale in production. Our model, which has a similar setting, retains this property found in Carlstrom and Fuerst (2001) .
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The alternative monetary growth rule is estimated as follows: However, an anonymous referee suggested that the unusually low feedback coefficient on inflation may be biased by the well-known regime changes that took place during the sample period. I accordingly conducted a stability test proposed by Hansen (1992) to test if any structural changes in the regression exist and found no evidence of parameter instability. Finally, the parametric function used for the transaction technology is:
The setting of makes the steady-state value of shopping time " s ¼ 0:017 which is obtained from the U.S. survey data.
4,5 All parameters are summarized in (10)- (15) and the market clearing conditions, we can figure out the steady-state values from the following equations:
y, where S ig and S cg are the ratio of government investment and government spending to GDP respectively.
Results
Before investigating the dynamics of output and inflation rate in response to the monetary shocks, we may wish to check how well this model performs in terms of capturing the cyclical features in the US data. The theoretical standard errors, first-order autoregression coefficients and correlation coefficients are reported in Table 3 . There are two immediate questions to ask concerning the calibration results: (1) whether this extended model successfully mimics the US economy, and (2) compared with basic real business cycle (RBC) model, whether this extended model makes any improvement in explaining observed cyclical behaviour. Let us begin by examining the model's fit. From Table 3 , it can be seen that when ¼ 1, this model is fairly adept in mimicking the phenomena of the real economy: (1) consumption, hours worked, productivity, inflation, and the nominal interest rate are less volatile than output while investment is more variable; (2) this model is consistent with the pro-cyclical behaviour of all variables; (3) this model represents the same high persistence characteristics of the observed cycles; (4) the correlation between hours worked and productivity in this model is positive but small. I further calibrate the value of the inverse of the elasticity of marginal utility of consumption, ¼ Àc Á ðu cc =u c Þ, and the relationship between and hours-productivity correlation ( nð y=nÞ ) is depicted in Fig. 1 . It is clear that a higher value of is associated with a lower correlation between hours worked and productivity.
The results with ¼ 1.22 are reported in Table 3 . Under the setting that equals 1.22, this model predicts a negative sign and nearly similar magnitude of the hours productivity correlation while the remaining cyclical behaviours, items (1) to (3) mentioned above, still hold. The reason that a higher value of can make labour supply more volatile and then generate a lower correlation between hours worked and productivity is intuitive in our model: a low value of È enlarges the intratemporal substitution effect between consumption and leisure. In addition, È is obtained by:
It is clear that dÈ=d ¼ ÀÈln" c50 since " c41 in this model. Therefore, high decreases the value of È and then amplifies the volatility in labour supply.
Fig. 1. Relationship between and nðy=nÞ
Roughly speaking, the extended model does a reasonably good job of mimicking the cyclical behaviour in the US economy. Particularly, it captures well the dynamic interactions between nominal variables and real output.
Next, I reconstruct three new models to answer the second question: does this extended model perform better than the basic RBC specification? One is a basic RBC model with government spending, one is the basic RBC model with Taylor rule, and the third is simply the basic RBC model only.
The results are reported in Table 4 . It is clear that if we consider government spending, the correlation coefficient of hours worked and productivity ( nðy=nÞ ) improves, falling from 0.1763 to À0.008. This result is not too surprising and it is consistent with Christiano and Eichenbaum (1992a), Hansen and Wright (1992) , and Braun (1994) . The inclusion of government spending and taxes in the model will affect the labour supply and enlarge the fluctuation in the labour market.
Furthermore, if we include monetary policy (Taylor rule) only in the model, ( nðy=nÞ ) falls from 0.1763 to 0.1073. This is due to the fact that the behaviour of labour supply is more volatile while monetary shocks affect shopping time and real interest rates. So far we have seen that introducing monetary policy and the public sector improves the model's explanation of the real economy. This may imply that monetary policy and/or fiscal policy play an important role in explaining observed macroeconomic fluctuations. Watson (1993) proposes a procedure for evaluating the fit of calibrated models. The standard statistical goodness-of-fit measures focus on the size of sampling error to judge the coherence of the model with the data. Instead, the underlying principle of Watson's measure of fit is based on the size of the stochastic error required to reconcile the autocovariances of the model with those of the data. Table 5 provides summary statistics of the relative mean square approximation 7 Other useful information concerning the model's fit is to be found by analysing the spectrum of the data, the spectrum of the model and the spectrum of the error required to reconcile the model with the data. The results of comparing spectra show a good fit in output, consumption and employment. Furthermore, the plots of the fitted values accompanying the data show that the model better fits output and consumption. All results are available from the author upon request. 
Watson Test
Monetary shocks and liquidity effects
Liquidity effects
In order to illustrate the liquidity effect, I estimate a conventional four-variable VAR, including output (Y), inflation rates ( _ P), money (M), and interest rates (R). Dynamic response functions were calculated assuming a Wold ordering of ½Y, _ P, R, M. The impulse response functions are reported in Fig. 2 . Clearly, output and inflation increase in response to a positive monetary shock while the interest rate declines. Moreover, the responses of output and inflation are very persistent. However, it is worth noting that Fig. 2 appear to suggest the small effect of monetary disturbances.
The impulse response functions implied by the model with a monetary growth rule and a Taylor Rule are reported in Figs 3 and 4, respectively. In Fig. 3 , the anticipated inflation effect causes people to decrease holdings of real balances, thereby increasing their shopping time. According to the optimal leisure-work decision, labour supply goes down, which lowers the marginal productivity of capital as well. Thus, investment spending falls, as does the real interest rate. The nominal interest rate increases, however, due to the dominant effect of the increase in expected inflation. Obviously, a fall in output accompanied with a rise in the nominal interest rate reveals that the model with money growth rule fails to account for the liquidity effect. Moreover, the impacts of a monetary shock on output and inflation are not propagated over time: they dissipate within five periods following the initial shock.
I then report the impulse response functions of an expansionary monetary shock with the assumption that an interest rate rule is used in Fig. 4 . The experiment is to shock v t in equation (8) by À1 percentage point to represent an expansionary monetary policy. Figure 4 shows that considering a Taylor rule in the model can account for the following key responses to an expansionary monetary policy shock: a rise in output and investment accompanied with the fall in nominal interest rates. The intuition is: a fall in the nominal interest rate (expansionary monetary policy) raises money demand, which in turn makes shopping time decrease and hours worked go up. The increase in labour supply raises the marginal productivity of capital, investment spending, and eventually, output. Note that an initial shock on the interest rate rule raises investment and dampens consumption, and after a few periods, consumption increases and investment goes down. Hence, the result that the output boom is accompanied by an investment recession appears inconsistent with the conventional wisdom regarding the liquidity effect and yields different predictions to a standard sticky price model (lower interest rates stimulate higher investment and then raise output). As mentioned, the 'output' liquidity effect in this flexible-price model is generated by the decrease in shopping time and the increase in hours worked.
Furthermore, regarding the persistence in output and inflation, it is obvious that the responses of output and inflation are substantially more persistent when a Taylor rule is used: monetary shocks are propagated for 15 periods in output and 20 periods in inflation. Comparing to the short-lived responses of output and inflation in Fig. 3 , it may be suggested that using an interest rate rule as the instrument of monetary policy is destabilizing in the sense that it generates more persistent responses of output and inflation than a money growth policy.
Finally, I investigate the effects of changes in the persistence parameter governing the interest rate rule, v in Fig. 5 . The responses of output and inflation clearly become more persistent as v rises. Indeed, in the case where v ¼ 0:97, the impact of a monetary shock are propagated for over 60 periods in both output and inflation.
Shortcomings
It is worth noting that the real effects of a money disturbance seem to be small (only a 0.03% increase of output in response to a 1% monetary shock). Moreover, the model fails to account for the positive conditional crosscorrelation between output and inflation although it succeeds in capturing the positive unconditional cross-correlation. That is, conditional on monetary shocks, output and inflation move together in the data (see Fig. 2 ) but the model predicts the reverse (see Fig. 4 ). The reason why the model is able to capture the unconditional cross-correlation is because conditional on all other shocks (technology, government investment, government spending and tax rate), output and inflation have moved in the same direction. 8 Finally, although the model can capture the ''output'' liquidity effect, the impulse response functions from the data and the model are not similar when comparing Fig. 2 and Fig. 4 . These shortcomings are worth exploring in future research.
Conclusion
This paper uses a flexible-price dynamic stochastic general equilibrium model to study the effects of monetary policy shocks. A shopping-time monetary economy is constructed to investigate the role of money. Moreover, monetary policy is introduced as a simple interest rate rule as first proposed by Taylor (1993) . The results show that this model mimics well post-war US business cycles. Furthermore, when compared with alternative models, this model provides a better match to the data.
In addition, it is well known that a flexible-price equilibrium business cycle model with simple money growth rule fails to generate (1) the liquidity effect, (2) persistence in output and inflation, and (3) the pro-cyclical behaviour of inflation (see Cooley and Hansen (1995) ). Without imposing frictions on prices (sticky price) or on the financial markets (limited participation), this paper shows that simply incorporating the Taylor rule in a flexible-price monetary model can well account for the dynamic responses of nominal shocks, and capture all of the patterns (1)-(3) discussed earlier. However, the model fails to account for the positive conditional cross-correlation between output and inflation when conditional on a monetary shock. Although the model proposed in this paper has fairly good fit with the data, further work is needed to improve the model's response following a monetary shock.
